& Context Natural regeneration with broadleaved species and reforestation with coniferous trees are two widely practiced forest regeneration strategies after timber harvesting. They lead to different tree species composition and may cause different understory biodiversity, but the effects on ground bryophyte composition and diversity are not well-known. & Aims We tested whether natural regeneration with broadleaved species and reforestation with spruce induced different diversities of the ground bryophyte populations 20-40 years after oldgrowth spruce forest clearcutting in the subalpine regions of southwestern China. & Methods Differences between natural stands and plantations were compared through the analysis of 13 paired stands, with 78 plots, 390 shrub/herb quadrats, and a total of 1,560 bryophyte quadrats.
Introduction
Bryophytes are important components of forest biodiversity and play important roles in ecosystem processes and functions (Humphrey et al. 2002; Vellak and Ingerpuu 2005) . Because of their poikilohydric features, bryophytes, especially liverworts, depend greatly on local microclimates and microhabitats (Frelich et al. 2003; Proctor 2008) . This further implies that many bryophytes are sensitive to forest management practices (Lesica et al. 1991; Ódor and Standovár 2001; Ross-Davis and Frego 2002; Vellak and Ingerpuu 2005) that directly affect forest microclimates and substrates (Chen et al. 1999; Ross-Davis and Frego 2002) .
Continuous loss and degradation of old-growth forests are accelerating and account for the majority of global forest losses from 2000 to 2010 (FAO 2011) ; deforestation and forest degradation remain the primary threats to biological diversity. Alternative modes of forest regenerations significantly affect the original biodiversity of old-growth forests, such as the loss of species that are highly associated with oldgrowth forests (McClellan et al. 2000) . Development of alternative regeneration strategies following the clearing of a forest is of great concern worldwide (e.g., Brockerhoff et al. 2008; Rudolphi and Gustafsson 2011) . A critical challenge for foresters who seek a balance between production and biodiversity conservation is how to reasonably promote forest regeneration and in situ biodiversity conservation in a large area of degraded forest lands, such as clearcuts, that have been widely practiced in our study region and elsewhere. However, scientific evidence showing the effects of different forest regeneration strategies on bryophyte composition and biodiversity are sparse and sporadic in contrast to the large amount of research conducted on vascular plant diversity (Barbier et al. 2008; Brockerhoff et al. 2008) .
Natural regeneration and reforestation are the two most common regeneration strategies and have been widely adopted on harvested lands worldwide (FAO 2011) . For the majority of cutovers, coniferous trees (e.g., pine and spruce) are often used for establishing plantations. Homogeneous habitats were created by the establishment of a monospecific, even-aged tree layer, together with silvicultural treatments used for plantation management (e.g., site preparation). In naturally regenerated stands, complex microhabitats were created by exhibiting a mosaic pattern of overstory canopy (Tullus et al. 2013) . Therefore, differences in the understory vegetation biodiversity might be expected between plantations and naturally regenerated stands. Many authors have concluded that natural regeneration was an effective strategy in conserving ground bryophyte biodiversity, although the regeneration duration appeared responsible for the extent of biodiversity conservation (Rudolphi and Gustafsson 2011; Yan and Bao 2011) . However, several evidences supported that afforestation or reforestation play positive roles in conserving vascular plant biodiversity (Brockerhoff et al. 2008; Bremer and Farley 2010) . China has the largest area of forest plantations in the world, and is expanding the areal extent of these plantations in order to strengthen the nation's ecological security (FAO 2011) . In the past several decades, these efforts have predominantly relied on reforestation as opposed to natural regeneration (Liu 2002) . Coniferous plantations account for 71 % of the total plantations in China. Given the large plantation area and expected future enlargement, it is critical to understand the consequences of different regeneration strategies (e.g., in bryophyte biodiversity conservation) so that the conservation of biological diversity can be effectively included in future management plans.
In this study, we examined the effects of natural regeneration with broadleaved species and reforestation with spruce on ground bryophyte assembly on harvested areas in the subalpine regions of southwestern China. Our taxa focal points were chosen because bryophytes are common and abundant in old-growth forests and often change abruptly after forest harvesting (Ross-Davis and Frego 2002) . Additionally, bryophytes are more sensitive than most vascular plants to habitat and microclimate changes (Haeussler et al. 2002) , i.e., they serve as good indicators to assess the biodiversity effect of habitat changes resulting from different regeneration pathways. Humphrey et al. (2002) found that bryophyte richness was similar between spruce plantations and semi-natural oak forests in Britain. However, spruce plantations had lower bryophyte species richness, evenness, and diversity than those sites within naturally regenerated forests in eastern Canada (Ross-Davis and Frego 2002). There have not been field studies directly comparing plantations and naturally regenerated deciduous broadleaved forests in China. This study also compares young spruce plantations with early naturally regenerated forests rather than old growth forests as in most of the studies cited above to examine the effect of different forest regeneration strategies on bryophyte composition and diversity in similarly degraded cutovers.
Our objective in the current study was to evaluate the effects of different forest regeneration strategies on bryophyte composition and diversity following clearcuts of old-growth spruce forests. The regeneration strategy is treated as a comprehensive factor, including disturbance, tree species, stand structure attributes, soil, species pools, local climate, and the effects of various regeneration strategies. Therefore, other major factors, such as regional climate, topography, and stand development stage, should be excluded. We hypothesized that alternative forest regeneration strategies on similar clearcuts will produce significantly different results in ground bryophyte composition and diversity. More specifically, naturally regenerated forests will harbor many more bryophytes (i.e., higher diversity) than planted forests. This prediction was largely based on the fact that reforestation, as a further disturbance on clearcuts, can directly destroy remnant bryophyte assemblies and their microhabitats (Yan and Bao 2008 ). Our hypothesis is also supported by the fact that changes in stand structural differentiation following alternative strategies distinctly modulate the microclimate and substrates that directly affect bryophyte distribution, growth, mortality, and other population demographic features (Fenton and Frego 2005; Márialigeti et al. 2009 ). Additionally, bryophytes have distinct life-history strategies and may respond differently to habitat alterations resulting from natural disturbances and management (Fenton and Frego 2005; Yan and Bao 2008) . Therefore, the following questions were addressed. (1) Do ground bryophyte composition and diversity indices differ between naturally regenerated forests and planted forests? (2) How do phylogenetic and growth-form groups of bryophytes vary in response to the applications of different forest regeneration strategies? (3) What is the relative contribution of stand structure and topography variables to the total variance of bryophyte biodiversity?
2 Materials and methods
Study region
The study area is located in the Aba Tibet and Qiang Autonomous Prefecture (30°35′ N-34°19′ N, 100°30′ E-104°27′), northwestern Sichuan Province, southwestern China. It is within the well-known program of the Southwestern Forest Management Region and is a hotspot for biodiversity conservation both in China and globally (Liu 2002) . The altitude ranges from 2,200 to 3,900 m; the climate in the forest region is temperate with annual rainfall of 800-1,100 mm and a mean annual temperature of 6-10°C; the soil is luvisol developed from metamorphic rocks of phyllite, slate, and schist (Bao et al. 2009 ). Large-scale timber harvesting using clearcuts on the old-growth coniferous forests occurred from the 1960s to 1990s, leaving harvested areas of an average size of~5 ha. Most clearcuts were reforested with a monospecific indigenous species of spruce (Picea asperata) following the national alpine reforestation manuals (Yang 1985) , i.e., 4-year-old seedlings at an initial density of 3,300 stems/ha. Some small cutovers were left to naturally regenerate and later become deciduous broadleaved forests dominated by Betula albo-sinensis, Populus davidiana, Sorbus hupehensis, Sorbus koehneana and Sorbus setschwanensis. The naturally regenerated deciduous broadleaved forests account for~25 % of the forested area in the region, while the planted spruce forests account for >40 %. Most of these forests are <45 years old.
Sampling selection and data collection
We selected 13 sites with pairs of planted and naturally regenerated stands of various ages (i.e., 20-40 years) to conduct our investigation. A total of 26 stands with similar topographical characteristics (e.g., elevation, slope degree, and slope aspect), clearcut prescriptions, and developmental phase were chosen across three adjacent counties covering an area of more than 16,300 km 2 , totalling 13 planted stands and 13 naturally regenerated stands ranging from 2,769 to 3790 m in altitude and from 21 to 38 years in forest age (Appendix Table 6 ). Because topographical characteristics in the subalpine region are very complex, the most similar stands in terms of topography were chosen for our study. The field investigation was performed in the summer of 2007. Because of the high spatial heterogeneity within the stand, three 10×10 m plots were placed on three slope positions (i.e., upper, middle, and lower) at each of the stands to represent the entire stand. Topography variables (i.e., elevation, slope degree, and slope aspect) were recorded for each plot. Slope and aspect were converted using the class method with 45°intervals, ranging from 1 (247.5°-292.5°) to 8 (67.5°-112.5°). Tree canopy cover was visually estimated, and the height was measured for each tree ≥3 m. The density of all trees, coniferous trees, and deciduous trees were tallied by plot. Five 2×2 m quadrats were installed at the four corners and the center of each plot, and the average shrub height and cover were measured in each quadrat. At the upper-right corner in each of the five shrub quadrats, one 1×1 m quadrat was installed to measure the average herbaceous height and litter cover. Finally, twenty 0.25 m 2 (50×50 cm) quadrats with every 2.5 and 2 m along contours, and the slope aspect for each plot were systematically installed in order to conduct a bryophyte community survey. Within each of the quadrats, bryophytes and their percent covers were estimated by species, and the sample was collected for species identification. In total, we obtained data from 26 stands, 78 plots, 390 shrub/herb quadrats, and 1,560 bryophyte quadrats. The >3,900 bryophyte samples were microscopically examined for species (or subspecies) identification in the laboratory according to the Flora Bryophytorum Sinicorum. All vouchers were kept in the herbarium at the Chengdu Institute of Biology, Chinese Academy of Sciences.
Statistical analyses
We aggregated three plots in each stand to avoid pseudoreplication and then used the 26 independent stands in the final analyses. Forest structure variables were also averaged by three replicated plots. Topography and forest structure differences between the two forests were tested separately using the nonparametric Mann-Whitney test.
In addition to the direct comparisons of total species composition and richness, we applied species group analysis to compare differentiation in bryophyte richness or abundance between the two forests. First, we categorized each species to one of three frequency-tendency distribution groups according to their occurrence, tested by the chi-square and Fisher's exact tests (Nagaike 2002; Ross-Davis and Frego 2002) . The three identified species groups were the following: (1) reforestation species group, species exclusively or more frequently found in plantations; (2) natural regeneration species group, species found exclusively or more frequently in natural stands; and (3) generalist species group, species that are recorded synchronously in natural stands and plantations but do not show significant differences in occurrence (Appendix Table 7 ). We postulated that with a background of the same origins (similar clearcutting of the same old-growth spruce forests) and regional species pools, the two forests provide different habitats and environments due to the two different regeneration strategies and consequently early stand succession. Thus, bryophytes with higher occurrence frequency in either the natural stands or plantations can indicate stronger habitat preferences. We also classified all bryophytes into seven growth forms (turfs, cushions, wefts, mats, fans, dendroids, and pendants) and three phylogenetic groups (liverworts, acrocarpous moss, and pleurocarpous moss) according to morphological trait classification. The richness and cover of different species groups for each stand were calculated. The differences for each species group between the two forests (n =13) were tested separately using the nonparametric Mann-Whitney test.
To determine the differences in dominant species composition between the two forests, the important value (IV) of each bryophyte was calculated as: (relative cover+relative frequency)/2 (Appendix Table 7 ). Three diversity indices (species richness, Shannon-Wiener index, and Pielou's evenness) and the cover of the ground bryophyte community at stand level were calculated following Magurran (1988) . The Shannon-Wiener index was calculated using the IV of each species for their probabilities. A nonparametric Mann-Whitney test was also applied to check the difference of the four bryophyte indices between the two forest types.
A nonparametric analysis was applied to determine the correlation between topography variables, forest structure variables, and bryophyte community diversity based on Kendall's coefficient. A multiple response permutation procedure (MRPP) test was applied to determine if regeneration strategy (natural stands vs. plantations) affected bryophyte composition. The canonical correspondence analysis (CCA) was applied to explore the contribution of stand structural and topographical variables on bryophyte composition. Furthermore, the partial CCA (pCCA) was used to estimate the contribution amount of the potential influence for the total variance. Considering the potential effect of topographical characteristics, all topographical factors were included in all subsequent analyses. All important independent variables were classified into two categories: (1) forest structure variables, including nine parameters, e.g., stand age and tree density, tree canopy cover and the average height, shrub cover and height, herbaceous cover and height, and litter cover; and (2) topographical variables, including three parameters, e.g., elevation, slope degree, and slope aspect. Because preliminary analyses showed that the densities of coniferous trees and broadleaved trees were not significantly correlated with ground bryophyte diversity indices, the total tree density was used in further analysis. The contributions of forest structure variables, topography variables, and their interactions were approximated as the constrained inertia of the sum of total inertia. All statistical analyses were performed using the statistical program SPSS 13.0 for Windows (SPSS, Chicago, IL, USA), except for MRPP, CCA, and pCCA in a vegan package (Oksanen et al. 2011) , which were performed in R 2.14.0.
Results

Topography and forest structure
There were no significant differences in elevation, slope aspect, or slope degree between the plantations and natural stands (Table 1) , implying a sound experimental design. The plantations had significantly higher stand density, coniferous tree density, and tree height but significantly lower broadleaved tree density, shrub cover, and herbaceous plant height compared to the natural stands (Table 1) . No differences in litter cover, herbaceous cover, shrub height, or stand age were found.
Ground bryophyte composition
In total, 232 bryophytes (28 liverworts, 103 acrocarpous mosses, and 101 pleurocarpous mosses, same as below), belonging to 45 families and 114 genera, were recorded in the investigated stands (Appendix Table 7 ). Overall, 205 bryophytes (28, 86, and 91) and 157 bryophytes (19, 76, and 62) were recorded in the natural stands and the plantations, respectively. The natural stands harbored 48 bryophytes more than the plantations, including 9 liverworts, 10 acrocarpous mosses, and 29 pleurocarpous mosses.
A total of 75 bryophytes (9, 27, and 39) were recorded only in the natural stands and 27 species (0, 17, and 10) were recorded only in the plantations. There were 130 species (19, 59, and 52) co-occurring in the plantations and the natural stands, but 41 species (9, 13, and 19) were found more frequently in the natural stands, 21 species (3, 8, and 10) were found more frequently in the plantations, and another 68 species (7, 38, and 23) did not present a significant difference in frequency between the plantations and natural stands (Appendix Table 7 ).
The two types of forest also presented some differences in species dominance. Twenty-five species were dominant in the two types by IV≥1, but only 11 of those were dominant in both forest types: Actinothuidium hookeri , Entodon concinnus, Eurhynchium coarctum, Hylocomium splendens, Kindbergia arbuscula , Mnium lycopodioides , Plagiomnium acutum , Plagiomnium ellipticum , Plagiomnium rhynchophorum , Rhytidiadelphus triquetrus , and Thuidium cymbifolium (Appendix Table 7 ). Additionally, most of the 75 bryophyte species recorded only in the natural stands and another 27 species only in the plantations had low occurrence frequencies (i.e., <10 times in 780 quadrats).
Bryophyte species groups
The generalist species group, the natural regeneration species group, and the reforestation species group had 68, 116, and 48 species recorded in the investigated plots, respectively. Furthermore, the natural regeneration species group contained higher species ratios of liverworts and pleurocarpous mosses than the reforestation species group (liverworts, 15.5 vs. 6.3 %; pleurocarpous mosses, 50.0 vs. 41.7 %). The phylogenetic group analysis showed that the pleurocarpous moss group presented significantly higher species richness in the natural stands than in the plantations, but there were no significant differences for liverworts and acrocarpous mosses (Fig. 1a) . We also found no significant difference in cover between the plantations and natural stands for the three groups, but the pleurocarpous moss group exhibited higher cover than the other two groups for both forest types (P <0.01; Fig. 1b) . Altogether, there were seven growth forms recorded in the plantations and natural stands in total (Appendix Table 7 ), but only three growth forms (fans, mats, and turfs) had significantly higher species richness in the natural stands than the plantations (Fig. 1c) . Two growth forms (fans and mats) also presented significantly higher cover in the natural stands than in the plantations, but only the wefts showed higher values in the plantations relative to the natural stands (Fig. 1d ).
Ground bryophyte diversity and cover
Mann-Whitney tests revealed that the natural stands had higher values of species richness and Shannon-Wiener and Pielou's evenness indices, but lower ground bryophyte cover than the plantations (Table 2) . The MRPP test showed that the regeneration strategy resulted in significantly different outcomes between the plantations and natural stands on ground bryophyte composition (A = 0.03, P =0.02). The CCA bi-plot of 26 stands, constrained by all environmental variables, also classified the 26 stands into 2 groups: the natural stands and the plantations, with the stand structural and topographical features explaining 21 % of total variance on ground bryophyte composition (Fig. 2) . Ground bryophyte composition was only significantly correlated with the elevation of three topographical parameters (Table 3) . Of the nine stand structural variables, only litter cover and shrub height and its cover were not significantly correlated with ground bryophyte composition ( Table 3 ). The amount of variation explained by all significant variables was 55.7 %, in which the stand structural variables contributed 39.5 % of the total and much more for the topographical variables and the interactions (Table 4) . Of all the investigated factors, the relative contributions from all of the variables can be ranked as follows: elevation>herbaceous plant height>tree canopy cover>tree height>herbaceous cover>stand age> stand density (Fig. 2) . We also found that the three investigated tree canopy parameters had negative relationships with the diversity indices, except the stand age and broadleaved tree density, whereas shrub height and cover had positive relationships with the diversity index (Table 5 ). Kendall's correlation analysis suggested that only herbaceous plant height and shrub cover were significantly and positively correlated with ground bryophyte species richness. Stand density, coniferous tree density, and herbaceous cover had a significant negative correlations with ground bryophyte diversity (P <0.05), whereas herbaceous plant height had a significant positive correlation with ground bryophyte diversity (P <0.01). Stand density and coniferous tree densities were both significantly and negatively correlated with ground bryophyte evenness (P <0.01), whereas a significantly positive correlation was found between herbaceous plant height and ground bryophyte evenness (P < 0.01). Herbaceous plant height was significantly and negatively correlated with ground bryophyte cover (P <0.05) ( Table 5 ).
Discussion
This study underscores the importance of the reasonable selection of forest regeneration strategy following degraded clearcuts for in situ conservation of bryophyte diversity. Our results clearly suggest that the uses of two regeneration strategies on similar cut sites produced distinct stand structures, including tree, shrub and herbaceous layers, and, consequently, understory habitats and vegetation (Table 1) . This implies that monospecific reforestation can be more effective and swift in the establishment of canopy structure by faster tree growth both in height and the diameter at breast height, thus enhancing stand productivity (Fitzsimmons 2003) , but limiting understory vegetation development (Brockerhoff et al. 2008) . It is also clear that the dense tree canopy significantly affected the organizational structure of the understory vegetation in the plantations in comparison with the natural sites (Tables 1 and 5) , which inevitably influences the understory plant composition and biodiversity (Humphrey et al. 2002; Bao et al. 2009 ).
Regeneration strategy and bryophytes
We found that a greater ratio of bryophyte species (130 species) co-occurred in both forests (82.8 % in plantations and 63.4 % in natural stands). Furthermore, some important late-successional species, such as A. hookeri, H. splendens and R. triquetrus, which are possibly remnants of clearcuts from the old-growth spruce forests (Bao et al. 2009 ), can also be dominant within the two forests. This suggested that forest regeneration, regardless of natural regeneration or reforestation, could to a certain extent effectively promote and conserve native ground bryophyte composition on cutovers, which supports the insight that reforestation with indigenous trees may play an important role in biodiversity conservation (Humphrey et al. 2002; Brockerhoff et al. 2008; Bremer and Farley 2010) . We also found that the plantations and natural stands had significantly different ground bryophyte species composition and richness, with 48 more species found in natural stands than plantations (205 vs. 157 species). Almost two thirds of the species (75 species) in the natural stands were not found in the plantations (Appendix Table 7 ), implying that fewer species occurring only in the plantations was the primary reason for the low richness observed in the plantations. The natural stands also had higher bryophyte diversity indices than the plantations (Table 2 ). This was consistent with a study by Ross-Davis and Frego (2002) , which was based on surveys of various substrates (rocks, stumps, and twigs). Our results are strictly from the investigation of the same substrate (ground soil), nevertheless, it seems that even when the same substrate is present, the reforestation strategy would result in less ground bryophyte richness than natural regeneration. Moreover, we found that the natural stands had significantly higher pleurocarpous moss species richness than the plantations (Fig. 1a) , suggesting that the lower diversity in the plantations compared to the natural stands could be mainly due to the absence of some liverworts and pleurocarpous mosses (Ross-Davis and Frego 2002). Our results further highlighted that natural regeneration can promote the establishment and survival of pleurocarpous moss and liverworts on harvested sites (Lesica et al. 1991; Márialigeti et al. 2009 ). Thus, we conclude that a natural regeneration strategy is better than a reforestation strategy in promoting the conservation of ground bryophyte biodiversity, which supports the initial hypothesis.
Finally, the growth form of a bryophyte does not only reflect a partial life-history strategy of the species but also mirrors the habitat quality (Oishi 2009 ). For example, because the fans are often found in high-shade habitat (During 1990 ), the present work also showed a higher species richness of fans, mats, and turfs ( Fig. 1c) and significantly higher covers of the fans and mats (P <0.05, Fig. 1d ) in the natural stands than in the plantations. This evidence supports the conclusion that bryophyte distribution and assembly induced by a regeneration strategy are due to the combined effects from habitat quality change and species biological traits (e.g., life history).
Factors influencing ground bryophytes
It is known that ground bryophyte communities and species composition can be strongly influenced by forest management activities (e.g., Newmaster and Bell 2002; Astrom et al. 2005 ) and the interaction with bryophyte life-history strategy (During 1990 Bao et al. 2009 ). Such disturbances associated with reforestation practices also hinder remnant bryophyte establishment and population development, especially shade-tolerant pleurocarpous mosses and liverworts, such as Bazzania bidentula , Jungermannia brevicaulis , Rhytidiadelphus subpinnatus, and Sanionia unicinata, but promote the successful settling of soil-dwelling acrocarpous mosses (Appendix Table 7 ). Obviously, this will result in fewer liverworts and pleurocarpous mosses to colonize harvested sites because of their intolerance to ground disturbance and limited capabilities to cope with rigorous habitats (During 1990; Astrom et al. 2005; Oishi 2009 ). By contrast, on the naturally regenerated sites, no further disturbances have occurred since clearcutting; consequently, those remnant shrubs were not further destroyed and they had an opportunity to swiftly enlarge their populations because of radiation release and increased soil fertility after clearcutting. Thus, shrubs could sustainably provide relatively better shade habitats for those remnant forest floor bryophyte species populations, which are mainly liverworts and pleurocarpous mosses. Rapid shrub development can occupy exposed habitats and also hinder the invasion of acrocarpous mosses to some extent because of the lack of further habitat exposure after clearcutting (Yan and Bao 2008; Bao et al. 2009 ). All of this eventually results in a differing ground bryophyte assembly between naturally regenerated and reforested stands in the early stand stage (20-40 years old) after clearcutting. Logically, we propose that during forest management decision making, attention should be given to the conservation of these sensitive forest floor bryophyte populations during reforestation or afforestation practices. Furthermore, reforestation also significantly and directly shaped forest structure and prolonged stand dynamics in comparison to the natural regeneration process (Table 1) . Through modifications of resource availability (light, water, and soil nutrients) and habitat quality (Moora et al. 2007) , it also indirectly modulated ground bryophyte species composition and diversity development (Table 2) . Several stand structure variables were strongly correlated with ground bryophyte composition and diversity (Tables 3, 4, and 5) and can explain 21 % of the ground bryophyte community differences together with topographical variables (Table 4) . Notably, stand structure played a stronger role in influencing bryophyte community composition than did topography in the current study (Table 4) . It is widely known that vascular plant species composition and forest structure change with topography (e.g., Xu et al. 2000) because elevation, slope, and aspect determine resource availability at the landscape scale, which indirectly influences plant distribution and vegetation dynamics. Lee and La Roi (1979) found that bryophytes have wider tolerances to elevation-correlated factors, including temperature, and, for most species, habitats are narrow along the moisture gradient and broad along the elevation gradient in rocky mountains. The most immediate drivers for bryophytes are microhabitat quality and heterogeneity formed by small topographic relief, dead wood, snags, and canopy gaps within forests (Ódor and Standovár 2001; Humphrey et al. 2002; Frelich et al. 2003; Moora et al. 2007; Márialigeti et al. 2009 ). These fine-scale microhabitat features that are greatly managed by stand structure, as shown in our results (Table 5) , play significant roles in bryophyte distribution. It should be noted that we largely excluded the effects of topography factors, but the potential effects of elevation still influenced our results (Table 3 ; Fig. 2 ). Actually, it is difficult to disentangle the effects of different factors that contribute to bryophyte diversity in the mountain region. If the topographical effects were not intentionally excluded, the actual effects of topography on bryophyte assembly would be more important than we reported for the subalpine forest regions that we focused on. Therefore, it will be necessary to understand the actual effects of topography and its interaction with regeneration strategy on bryophyte assembly.
Forest canopy characteristics (e.g., tree species composition and mixture) can play indispensable roles in influencing bryophyte species composition and diversity during forest regeneration. Our work showed that tree species proportions were quite different; naturally regenerated deciduous broadleaved forests had a small proportion of coniferous trees, and plantations are almost always mono-specific spruces (Table 1) . Mixing of deciduous and coniferous tree species generally affects understory diversity (including bryophytes), but in almost all cases, the maximum understory diversity has been observed in mono-specific stands instead of multiple-species forests (Barbier et al. 2008) . In a temperate-mixed forest, Márialigeti et al. (2009) demonstrated that bryophyte species richness increased with tree species number and stand structural diversity, arguing that overstory species diversity was responsible for providing more favorable conditions for bryophytes. In our study, the two forests were both at their early successional stages (Liu 2002) . Although there were large differences in stand densities of the coniferous and the deciduous species (Table 1) , we did not find a strong correlation between ground bryophyte richness and coniferous tree density in the naturally regenerated deciduous forests (R =0.121, P =0.576) or with deciduous tree density in the spruce forest (R =0.228, P =0.315). Our results thus rejected the insight that the presence of deciduous trees in conifer-dominated stands increases bryophyte diversity, whereas the presence of conifers in the deciduous stands is equally important (Márialigeti et al. 2009 ), most likely because of only having a small mixed proportion in both of the two young forests in the present study (Table 1) . Moore (2012) reported that for those forests planted in historically or currently unwooded areas, the number of woodland species supported can be enhanced by maintaining adequate below-canopy light levels by planting broadleaves. However, a recent study in Northern and Eastern Europe found that the bryophyte layer of naturally regenerated stands had higher species richness, diversity, and number of forest bryophyte species than planted birch stands (Tullus et al. 2013 ). Thus, we speculate that a plantation of broadleaved species in our study area would probably have resulted in similar differences. We found that tree canopy cover was greater in planted forests than naturally regenerated forests, and canopy cover significantly influenced ground bryophyte composition (Tables 1 and 3 ). Thus, we can conclude that tree species and the resulting difference in canopy cover were probably the driving forces for the observed bryophyte community patterns.
Several authors have suggested that the direct factors responsible for distinct bryophyte composition in forests are microclimate and habitat heterogeneity created by distinct stand structure (Lee and La Roi 1979; Ross-Davis and Frego 2002; Márialigeti et al. 2009 ). Canopy tree identity controls the understory microclimate, which, in turn, regulates bryophyte regeneration and survival (Fenton and Frego 2005; Vellak and Ingerpuu 2005) . For example, Lemenih et al. (2004) found that broadleaved species have significantly lower canopy cover and leaf area index, higher understory air temperature, and higher soil temperature as well as higher diurnal temperature fluctuations than conifers (also see Chen et al. 1999) . Furthermore, our results definitely suggested that the understory shrub and herbaceous layers at fine-scale levels in those young forests can also produce contrasting effects on bryophyte diversity: positive roles from shrubs and negative roles from herbaceous cover (Tables 3 and 5 ). In temperate deciduous forests, the effects are likely positive because of the shading effects (i.e., modification of local abiotic conditions that favor growth) (Márialigeti et al. 2009 ). Consequently, broadleaved forests have richer bryophyte and vascular plant species (Humphrey et al. 2002; Lemenih et al. 2004) . Therefore, natural stands provide a more suitable habitat (i.e., higher quality) for a wider range of native species to settle than the plantations, resulting in many more bryophyte species exclusively or more frequently existing in the natural stands according to frequency-tendency tests (116 vs. 48 species).
Conclusions and implications
Conservation and maintenance of bryophyte diversity is often neglected in forestry practices worldwide, perhaps because these tiny plants are difficult to identify and their economic value is not well known. We conducted the current study in the managed subalpine region in southwestern China to explore the effects of natural regeneration and reforestation strategy on ground bryophyte assembly in harvested areas. We found that the two forest regeneration strategies indirectly and directly resulted in significantly different ground bryophyte communities in the early forest regeneration stage. Although reforestation may eventually restore the forests and conserve ground bryophyte diversity to some extent, natural regeneration resulted in a much higher number of bryophytes, especially liverworts and pleurocarpous mosses that are sensitive to habitat alteration. We identified the stand structure as the most important variable influencing bryophyte composition and diversity, whereas the homogenous habitats created by clearcuts following silvicultural practices seemed to be responsible for the relatively low diversity in the planted forest. These findings suggest that reduction of the overstory canopy could be an effective approach in strengthening habitat heterogeneity for bryophytes in plantations and that integrating natural regeneration into reforestation would be an alternative management option for enhancing both productivity and in situ conservation of bryophyte diversity. some specimen identification, several graduates (Wang Cheng, You Qiuhua, Long Hai, and Yi Minbo) for their invaluable field assistance, and the three Forestry Bureaus of Jinchuan, Barkam, and Li Counties for their logistic support. We also thank two anonymous reviewers for their helpful comments for revising the manuscript. Finally, we appreciate the help from Lisa Delp Taylor for kindly correcting the English of the manuscript. Frequency-tendency distribution group was developed based on species occurrence by the chi-squared and Fisher's exact tests: (1) Natural regeneration species group (NRS), (2) generalist group (GES), and (3) reforestation group (RES). For concurring species, the asterisk on right angle of occurrence value indicated significant difference in occurrence tested using χ 2 Growth form: C cushions, D dendroids, F fans, M mats, P pendants, T turfs, W wefts; phylogenetic group: L liverwort, AM acrocarpous moss, PM pleurocarpous moss *0.01<P <0.05; **0.001<P <0.01
